Abstract
INTRODUCTION
After the first discovery of long chain alkyl diols (LCD) in Black Sea sediments (De Leeuw et al.,
27
1981), it has become clear that they are widely distributed in both marine and freshwater environments
28
(Versteegh et al., 1997). LCDs occur as several structurally related series, and are derived from (East Africa). The results from that study suggested that not-yet described Eustigmatophyte groups the extracts obtained were fractionated into apolar and polar fractions using a glass pipette column 86 filled with activated alumina and elution with hexane/dichloromethane (9/1; vol./vol.) and the approach of Pearson et al. (2011) . SigmaPlot 12.0 was used for regression analyses, while analyses of covariance were performed using SYSTAT 13.
118

RESULTS
LCDs in eustigmatophyte cultures
For this study we analyzed LCD distributions in cultures of ten eustigmatophyte species, classified within the families Eustigmataceae, Monodopsidaceae and Goniochloridaceae (classification 
154
LCDs in lake sediments
155
We also analyzed the LCD composition of surface sediments of sixty-two lakes, mainly from
156
Europe and South America (Blaga et al., 2010) . LCD concentrations in these lakes were generally low,
157
requiring the use of a selective ion monitoring (SIM) method (Rampen et al., 2012). Even when using
158
SIM, LCDs were below detection limit in four lake sediments. The remaining fifty-eight lakes show 159 significant variation in their LCD composition ( Fig. 3; supplementary Table 2 ). LCDs predominantly
160
consist of C28, C30 and C32 chain lengths (Fig. 3a) . On average, C30 alkyl diols were most abundant in 161 the studied lake sediments, contributing 20 -50% of all LCDs and being the most dominant LCDs in
162
50% of all lakes. However, in the South American lakes, C32 alkyl diols were the most dominant LCDs
163
in 56% of all lakes investigated, while C28 alkyl diols were relatively more abundant in the European 164 lakes compared to South American lakes. Most lakes also contained small amounts of C34 alkyl diols,
165
but these were not quantified.
166
The C32 1,15-alkyl diol was present in all of the lake sediments, generally contributing >10% of all
167
LCDs, and the most abundant LCD in almost 75% of all South American lakes and 30% of all
168
European lakes. C30 1,13-and 1,15-alkyl diols were also present in all lakes, together with relatively 169 low C30 1,14-and 1,16-alkyl diols. In the European lakes, C28 alkyl diols mainly consisted of the 1,13-170 alkyl diol, which was the most dominant LCD in 50% of these lakes, while C28 1,13-and 1,14-alkyl diol 171 fractional abundances in the South American lakes were similar, but low. The mono-unsaturated C32 
250
Eustigmataceae do show similar temperature trends for the fractional abundance of individual LCDs
251
and the LDI as those observed for marine sediments (Fig. 2 ), but with significant offsets, which may be 252 due to different growth conditions (e.g. salinity as the Eustigmataceae species cultivated are 253 freshwater species). Alternatively, it could suggest that species of this family are not a major source for
254
LCDs in the marine environment.
255
We also investigated the influence of temperature on the distribution of LCDs in lake sediments, 
281
Part of the scatter may be due to inaccuracies in the lake temperature data used, due to differences in 282 location and altitude of the lakes and the weather stations, but the correlation did not improve after 283 correcting for altitude differences using lapse rates of 6.5 or 5.1 °C km -1 (Stone and Carlson, 1979).
284
Another reason for the observed scatter may be that LCDs are produced in a specific time period 285 during the annual cycle. Other proxies are known to be affected by seasonal production maxima (e.g.
286
Castañeda and Schouten, 2011 and references cited therein). However, we also did not observe a 287 significant improvement of the correlation between LCDs and temperature when using the different 288 monthly mean air temperatures instead of MAAT.
289
As an alternative approach, we used branched GDGT distributions of the lake sediments 
305
We also applied a multiple linear regression on relative abundances of the four most dominant 306
LCDs, e.g. C28 and C30 1,13-alkyl diol and C30 and C32 1,15-alkyl diol and branched GDGT derived 307 summer temperatures. Again, data from Lago di Albano is identified as an outlier (studentized residual 308 = 4.577) and when excluding this data point, the following model is obtained ( 
335
Alternatively, and perhaps more likely, LCD distributions in lacustrine sources may be similarly
336
affected by environmental conditions as in Vischeria species.
337
The results of this study show the potential of LCDs for lacustrine temperature reconstruction. 
495
which is a maximum value for most marine sediments. 
